High resolution, near infrared emission spectra of TiH and TiD have been recorded with a Fourier transform spectrometer. The TiH and TiD molecules were made in a titanium hollow cathode lamp operated with a mixture of neon and hydrogen or deuterium gases. A heavily perturbed band system near 938 nm is assigned as a 4 ⌽ -X 4 ⌽ electronic transition. Line positions and approximate spectroscopic constants are reported for the 0-0 band of the new transition. The 4 ⌽ -X 4 ⌽ TiH transition might potentially be observed in late M-type stars and in L-type brown dwarfs.
INTRODUCTION
There has been a revival of interest in the spectroscopy of transition metal hydrides in part because they are prominent in the spectra of ''brown dwarfs'', 1,2 faint substellar objects that have properties that lie between the coolest oxygen-rich stars ͑M-type͒ and giant planets such as Jupiter. L-type brown dwarfs have surface temperatures of about 1300-2000 K and have prominent absorption bands of FeH and CrH near 1 m. 2 The metal hydrides VH and TiH are also candidates for detection in brown dwarfs and we report here on a new near infrared TiH band system. The spectrum of TiH was first observed in shock tube studies by Smith and Gaydon 3 and tentatively analyzed near 530 nm by Gaydon. 4 Yerle used their results in a comparison with the spectra of ␣ Ori, ␣ Sco, and ␦ Vir for the first tentative stellar identifications. 5 Steimle et al. 6 measured the same 535 nm band by laser excitation spectroscopy and assigned the 4 ⌫ 5/2 -X 4 ⌽ 3/2 subband. Lindgren 7 later reported two laboratory recordings of TiH bands at 530 and 939 nm. The visible band was analyzed by Launila and Lindgren 8 as a 4 ⌫ -X 4 ⌽ transition. The near-infrared band was also recorded by Bernath and Ram 9 and these data constitute the basis for this paper.
Some additional experimental data are available for TiH. Chertihin and Andrews 10 measured the infrared absorption spectra of TiH and TiD isolated in an argon matrix at 10 K. 15 who predict that there are a number of electronic transitions in the 1 m region, of which a 4 ⌽ -X 4 ⌽ transition should be the most intense. More recent theoretical efforts have focused on improving the basis set for Ti, 16 on the application of density functional methods, 17 and on the inclusion of relativistic effects such as spin-orbit coupling.
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EXPERIMENTAL PROCEDURE
The 938 nm band system of TiD appeared to be less perturbed than the corresponding TiH transition and more amenable to analysis. Unfortunately no TiD ground state combination differences were available to assist in making the assignments. For TiH, a complete analysis of all four subbands of the 0-0 vibrational band of the 530 nm 4 ⌫ -4 ⌽ system was carried out by Launila and Lindgren. 8 Therefore as a first step, the corresponding 530 nm band of TiD was studied. 19 This spectrum was recorded in Stockholm in the same way as the corresponding hydride band. The line positions were extracted from the observed spectra by using a data reduction program called PC-DECOMP developed by Brault at Kitt Peak. The peak positions were determined by fitting a Voigt line shape function to each spectral feature. In addition to the TiH and TiD bands, the spectra contained numerous Ti and Ne atomic lines. The molecular lines were calibrated using the Ne line positions of Palmer and Engleman. 20 The precision of measurements of strong and unblended lines of this transition is expected to be of the order of Ϯ0.003 cm Ϫ1 .
ANALYSIS AND TREATMENT OF DATA
The TiH and TiD 938 nm spectra show some of the same traits which have made the analysis of other transition metal hydride systems challenging: they are many-line spectra, with branches of widely and irregularly spaced lines. In the present instance, the TiD spectrum looked superficially somewhat better behaved than its TiH counterpart, although both spectra suffer extensively from perturbations. The most immediate evidence of perturbation may be noted from the observation that many, but not all lines, consist of resolved ⌳-doublets with a splitting which varies with J erratically ͑vide infra͒.
Our analysis began with the TiD spectrum. It exhibits four subbands, each with a short, weak Q branch, flanked by P and R branches. Unfortunately the R-branch heads in all four subbands lie close together giving rise to a highly congested and initially confusing region between 10 640 and 10 660 cm Ϫ1 ͑Fig. 1͒. The observed P, Q, and R structure is characteristic of a ⌬⌳ϭ0 transition, and a comparison of rotational second combination differences confirmed that the lower state is the molecular ground state, X 4 ⌽. The electronic transition responsible for the 938 nm titanium hydride spectrum is thus identified as 4 ⌽ -X 4 ⌽ in very satisfactory agreement with theoretical predictions. 15 No measurable ⌳-doubling is evident in line features belonging to either the 4 Previous studies of the spectra of TiH and TiD in the visible region have established that in both cases the ground state is unperturbed. 8, 19 The line splittings observed in the 938 nm spectra come exclusively from splittings in the upper 4 ⌽ state: i.e., R(JϪ1) and P(Jϩ1) have the same splitting. The experimental data confirm this and are summarized in 4 ⌽ state comes from interaction with a neighboring ⌺ state but requires participation of intermediary ⌸ and ⌬ states. Rotational levels in a diatomic hydride are widely spaced and it is not surprising to find that the complex interactions involved result in splittings, which vary irregularly with J. We have no specific knowledge of the locations of possible perturbing levels or of the strengths of the interactions. For this reason we have neglected the ⌳ doubling in our treatment of the rotational data and have used average positions.
Since the ground states had previously been characterized the line assignments from the present analysis were used to obtain upper state term values, which were fitted to a 4 ⌽ Hamiltonian:
where NϭJϪS and iϭ1, 2, 3, or 4. 
RESULTS AND DISCUSSION
Data from previous and the present experiments were combined to obtain improved molecular constants for the ground state. The TiH and TiD fits using the abovementioned Hamiltonian yielded the molecular constants listed in Table IV . Attempts to fit the upper state term values to a similar model were less rewarding. Figure 2 shows 18 which can be compared with our experimental r 0 value of 0.1779 nm. The excited 4 ⌽ state geometry has been calculated only by Anglada et al. 15 They predict a 0.042 nm increase in bond length upon 8→6 electron promotion and this is in modest agreement with the 0.088 nm increase we observe.
On the short wavelength side of the 4 ⌽ -X 4 ⌽ transition there are a number of branches between 938 and 910 nm. These branches were initially confusing until it was realized that they do not belong to the 4 ⌽ -X 4 ⌽ transition. Further study will be necessary before the nature of these additional 15 to have relatively high intensity near 11 000 cm Ϫ1 , is responsible. It also arises from an 8→6 electron excitation.
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